psychiatric diseases. In addition, the replicated signal from DGKH is also worth noting because of its crucial role in phosphatidylinositol pathway in lithium signalling.
10 Though many of the tested SNPs did not associate in our study, they may still contribute to the development of this disease. Part of this may be explained by genetic heterogenity between the Finnish and other European populations or the requirement of large sample size needed to find these variants.
It has been challenging to obtain replicable findings in psychiatric diseases using traditional candidate gene linkage and association studies.
2 However, the recent GWA studies have now provided us with new tools for finding the genes that affect these conditions, as shown in this study and thus give us new insight to the pathways and brain systems that are involved in development of psychiatric disorders and give us targets for development of medication. Meta-analyses of linkage studies in schizophrenia have identified genomic regions that most plausibly harbor genes underlying the disorder. 1,2 Although the idea that the actions of these susceptibility genes for schizophrenia may converge in common biological pathways is well supported, little is known about the molecular relationship between the positional candidate genes for schizophrenia. We hypothesized that by analyzing functional interactions of these positional candidate genes, biological pathways involved in the etiology of schizophrenia may be revealed.
HM
Here we present an analysis using gene expression data of positional candidate genes of schizophrenia and identify modules of co-expressed genes that are likely to be functionally related. For this purpose we used a publicly available gene-expression data set 3 containing data on 19 648 autosomal transcripts collected from peripheral blood lymphocytes of 304 unrelated healthy individuals. We selected the transcripts of genes under the schizophrenia linkage peaks as identified by two well-established metaanalyses. 1, 2 We subsequently selected those transcripts that are expressed in human brain-tissue according to the National Center for Biotechnology Information UniGene database (build 36.3). Lastly, we selected only transcripts with a substantial heritability estimate ( > 0.3) as estimated by Göring et al.
3
This threshold was used as quality measure for the observed transcription levels (HH Gö ring, personal communication). Moreover, transcripts for which the variation of gene expression is to a large degree explained by genetic variation may be stronger candidates for disease susceptibility. Using these criteria, we winnowed down the set of positional candidate genes for schizophrenia from 1602 to a final list of 766 transcripts corresponding to 13 linkage regions on 11 chromosomes. The transcripts are listed in Supplementary Table 1, together with their genetic location, heritability estimates and brain-tissue expression levels.
The normalized expression data of these 766 gene transcripts were subjected to a weighted gene coexpression network analysis (WGCNA), 4 a systems biology method developed to identify modules of functionally related genes on the basis of their expression patterns. Transcripts within such a module are highly connected, but are much less connected with genes outside the module. This method results in a biologically meaningful data reduction by allocating 766 individual genes into a small number of coherent modules of genes with strongly correlated expression profiles. Figure 1 shows the dendrogram of the cluster analyses of the WGCNA. We used a dynamic treecutting algorithm to cutoff the branches of the dendrogram at variable heights, which uses only the information of the dendrogram itself. We identified eight gene modules as depicted in Figure 1 .
To assess the biological relevance of these modules, we performed a Gene Ontology (GO)-term enrichment analysis for each network separately. Pathways were considered overrepresented if a set of at least three genes from different linked regions is observed to be overrepresented with a significance level of P < 0.01, calculated from a hypergeometric test. The results are shown in Table 1 . We identified an overrepresentation of seven biological pathways (KEGG) in four modules.
On the basis of prior knowledge of function, the overrepresented pathways 'sphingolipid metabolism', 'phosphatidylinositol (PI) signaling', 'focal adhesion', 'Wnt signaling', 'GnRH signaling' and 'mitogenactivated protein kinase signaling' are plausible functional candidate pathways for schizophrenia. In contrast, KEGG pathway 'purine metabolism', the process of the formation of the purines adenine and guanine, is much harder to implicate in etiology of schizophrenia. The most notable finding is the identification of two pathways involved in myelin formation, which are the sphingolipid metabolism and the PI signaling pathway, the two most strongly overrepresented pathways (O/E ratio of 38.8 and 18.9, respectively). The sphingolipid metabolism pathway Figure 1 Cluster dendrogram and module definition of the weighted co-expression analysis on the schizophrenia positional candidate transcripts. Eight distinct gene-modules, depicted by color, were identified; grey represents genes that do not fall within modules. Letters to the Editor
